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SNR values. They are limited by the modulation scheme
used and the coding rate of the RRNS codes seen in Ta-
ble 1. For example, for 4QAM we have 2 BPS, but the
associated channel code rate is
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8. For AQAM/JD-CDMA, we can see from Fig-
ure 3 that the throughput is similar to that of BPSK/JD-
CDMA at low channel SNRs. However, as the average
channel SNR increased, more and more frames were trans-
mitted using 4QAM/JD-CDMA and the average throughput
increased gradually. At high average SNRs, the throughput
of AQAM/JD-CDMA became similar to that of the 4QAM
assisted JD-CDMA scheme.
The overall SEGSNR versus channel SNR performance
of the proposed speech transceiver is displayed in Figure
4. Observe that the source sensitivity-matched triple-class
RRNS-coded 4.75 kbps BPSK/JD-CDMA system requires
a channel SNR in excess of about 8 dB for nearly unim-
paired speech quality over the COST207 BU channel of Ta-
ble 2. When the channel SNR was in excess of about12 dB,
the 10.2 kbps 4QAM/JD-CDMA system outperformed the
4.75 kbps BPSK/JD-CDMA scheme in terms of both objec-
tive and subjective speech quality. Furthermore, at channel
SNR around 10 dB, where the BPSK and 4QAM SEGSNR
curves cross each other in Figure 4 it was preferable to use
the inherently lower quality but unimpaired mode of op-
eration. In the light of these ﬁndings, the application of
the AMR speech codec in conjunction with AQAM con-
stitutes an attractive trade-off in terms of providing users
withthebestpossiblespeechqualityunderarbitrarychannel
conditions. Speciﬁcally, the 10.2kbps 4QAM/JD-CDMA
scheme has the highest source bit rate and thus exhibits the
highestSEGSNR undererror-freeconditions. The4.75kbps
BPSK/JD-CDMA scheme exhibits a lower source bit rate
and correspondingly lower speech quality under error-free
conditions. However,duetoitslessrobustmodulationmode,
the10.2kbps4QAM/JD-CDMAschemeissensitivetochan-
nel errors and breaks down under hostile channel condi-
tions, where the 4.75kbps BPSK/JD-CDMA scheme still
exhibits robust operation, as illustrated in Figure 4.
TheSEGSNR performanceofthe AQAM system is also
displayed in Figure 4. We observe that AQAM provides a
smoothevolutionacrosstherangeofchannelSNRs. Athigh
channel SNRs in excess of 16dB, the system operates pre-
dominantly in the 4QAM/JD-CDMA mode. As the channel
SNR degrades below 16 dB, some of the speech frames are
transmitted in the BPSK/JD-CDMA mode, which implies
that the lower quality speech rate of 4.75 kbps is employed.
This results in a slightly degraded average speech quality,
while still offering a substantial SEGSNR gain compared to
the 4.75kbps BPSK/JD-CDMA scheme. At channel SNR
below 10dB, the performance of the 10.2kbps 4QAM/ JD-
CDMA mode deteriorates due to the occurence of a high
number of errors, inﬂicting severe SEGSNR degradations.
In these hostile conditions, the 4.75kbps BPSK/ JD-CDMA
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Figure 4: Segmental SNR versus Channel SNR
schemeprovidesamorerobustperformanceassociatedwith
a better speech quality.
The beneﬁts of the proposed dual-mode transceiver are
furtherdemonstratedby Figure 5, consisting of three graphs
plotted against the speech frame index, giving an insightful
characterisation of the adaptive speech transceiver.
When transmitting in the less robust 4QAM mode using
the higher-rate speech mode of 10.2 kbps, a sudden steep
drop in the channel conditions - as portrayed at Frame 1
in Figure 5 - results in a high number of transmission er-
rors. This happens to occur during the period of voice on-
set in Figure 5, resulting in the corruption of the speech
frame, which has the effect of inﬂicting impairmentsto sub-
sequent frames due to the error propagation effects of var-
ious speech bits, as alluded to in Section 3. It can be seen
in Figure 5 that the high number of errors inﬂicted in the
4QAM mode during voiced speech segments caused a se-
vere SEGSNR degradation at frame index 10 and the 10.2
kbps speech codec never fully recovered, until the chan-
nel conditions expressed in terms of the SINR in Figure
5(c) improved. On the other hand, the signiﬁcantly more
robust 4.75kbps BPSK/JD-CDMA scheme performed well
under these hostile channel conditions, encountering a low
number of errors, while transmitting at a lower speech rate,
hence at an inherently lower speech quality. For the sake of
visual clarity, the performance curves of BPSK/JD-CDMA
and AQAM/JD-CDMA were not displayed in Figure 5(b)
for erroneous scenario because their respective graphs are
almost identical to that of the error-free case.
Informal listening tests were conducted, in order to as-
sess the performance of the AQAM/JD-CDMA scheme in
comparison to the ﬁxed-mode BPSK and 4QAM assisted
JD-CDMA schemes. Through the listening tests we found
that for the ﬁxed-mode BPSK scheme unimpaired percep-
tual speech quality was achieved for channel SNRs in ex-
cess of 7dB. With reference to Figure 4, when the chan-
nel conditions degraded below 7dB, the speech quality be-
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